We describe a nephelometric procedure for determination of lysozyme. A quantitative result is obtained in 2 to 3 mm with 50 tl of serum or urine. At a lysozyme concentration of 12.0 mg/liter, between-day precision was 3.4% and the analytical recovery 96.5-105.5%. The values obtained were a linear function of enzyme concentration below 50 mg/liter, and they agreed with those obtained by absorptiometric determination of the decrease in turbidity of a suspension of Micrococcus lysodeikticus.
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We describe a nephelometric procedure for determination of lysozyme. A quantitative result is obtained in 2 to 3 mm with 50 tl of serum or urine. At a lysozyme concentration of 12.0 mg/liter, between-day precision was 3.4% and the analytical recovery 96.5-105.5%. The values obtained were a linear function of enzyme concentration below 50 mg/liter, and they agreed with those obtained by absorptiometric determination of the decrease in turbidity of a suspension of Micrococcus lysodeikticus. Currently, the major medical interest in lysozyme (EC 3.2.1.17) assay is focused on its use in the diagnosis and assessment of treatment of disorders of blood and kidneys (1, 2) . Recently, interest in lysozyme has arisen also from the possibility of its bacterial split product being potential immunostimulating substances (3) . The classical method for determining lysozyme is based on the ability of lysozyme to clear a suspension of Micrococcus lysodeikticus (4) . The activity of lysozyme in promoting the dissolution of the cell wall depends on its ability to catalyze the hydrolysis of the 3-(1,4)-glycosidic linkage between N-acetylmuramic acid and N-acetyl-D-glucosamine in the polysaccharide component of the bacterial cell wall (5) . The decrease in turbidity parallels the lysis of the cell wall and is recorded either by a lyso-plate method (6) or by absorptiometry (7) .
To increase the speed and sensitivity of the turbidimetric assay, we have worked out a method, based on nephelometry.
Materials and Methods
Specimens of sera and urine from hospitalized patients and the laboratory staff were stored at -20 #{176}C until assayed.
Micrococcus lysodeikticus (dried cells) and lysozyme (Grade I) were obtained from Sigma Chemical Co., St.
Louis, Mo. 63178. The specific activity of the lysozyme preparation was 0.15 unit/mg of protein, measured according to Gorin et al. (8) . Other chemicals were of the highest purity commercially available. Doubly quartzdistilled water was used throughout.
The assays were run at 37 #{176}C with a Coleman Model 91 Amylase Lipase Analyzer in a medium containing in a final volume of 2.5 ml: 66 mmol of phosphate buffer (pH 6.2) and 0.9 mg of Micrococcus lysodeikticus.
The instrument was electronically calibrated with a stable viscous solution of formazine.2 The rate of diminishing Tyndall light was measured after adding 50 il of purified lysozyme, 10 mg/liter, to the incubation medium, and adjusting the meter reading to 10 at the end of the measuring interval (135 s),2 The decline in light scattering was linearly related to the amount of lysozyme added (below 50 mg/liter) for at least 3 mm. After the calibration, assays were run on 5O-l samples of serum or urine, and the lysozyme activity was read directly from the meter. Note that activity is expressed here in concentration units (mg/liter) because we are comparing the activity of the unknown with that of a weight of a standard having a specified activity.
The absorptiometric determination of lysozyme was performed essentially as described by Zucker et a!. (7) on 100 l of serum in the medium of the nephelometric assay.
Results and Discussion
As Figure 1 shows, the decline in light scattering and the amount of lysozyme added correlated well; analytical recovery of lysozyme was 96.5-105.5% when tested in the range 4-42 mg/liter.
A main objection to nephelometric measurements is that there are difficulties of standardization (9) . In the present method, the instrument was calibrated against a stable light-scattering solution of formazine, the reaction rate was calibrated with solutions containing known amounts of lysozyme, and when assays were run an "unknown" was always included. Note here that,
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1 To whom all correspondence should be addressed. which has to be determined to compensate for batch-to-batch variations of the standard lysozyme. Standardized in this manner, the between-day precision determined from 15 duplicate analyses on successive days of a secondary standard (Seronorm; Nyco, Norway) was 3.4%, as compared with a CV of 7.7% for the absorptiometric method. The lower detection limit was 0.1 ig of lysozyme (Figures 1 and 2) .
It has been argued that the clearing phenomenon of the lysozyme reaction cannot be described by simple kinetic equations of integral order (8) . Furthermore, the nephelometric measurement, which is more sensitive than absorptiometry (10) , is directly related to the concentration of the dispersed particles only within narrow limits (10) . These factors may be of importance to the reproducibility of the present method, e.g., when preparing the bacterial cell suspension or when running assays on hemolyzed or icteric specimens. As seen from Figures 3 and 4 , however, neither doubling the concentration of Micrococcus lysodeikticus in the incu- . Lysozyme was then determined as described bation medium nor adding high concentrations of hemoglobin (<75 timoVliter) or bilirubin (<170 imol/liter) had any effect on the results. These findings are not necessarily incompatible with those previously reported (8) . What they may indicate is that (a) any effect of changes in the rate of light-scattering induced by varying the substrate concentration or changing the batches of Micrococcus lysodeikticus is compensated for by always running a lysozyme standard of known concentration (see Methods) , and (b) interferences from hemoglobin or bilirubin (at a final concentration of 1.6 and 3.5 imol/liter, respectively) were within the experimental uncertainty of the measurements (i.e., <3.4%).
The correlation between the results obtained by the nephelometric method and by a conventional absorptiometric method (7) is shown in Figure 2 . The methods were linearly related, with a correlation coefficient of 0.99, and the line of regression crossed the ordinate at an intercept of +1.1.
The lysozyme activity of 34 sera from the laboratory staff was measured. It averaged 5.2 mg/liter and ranged from 3.6 to 7.8 (SD, 0.8). The lysozyme activity of 16 24-h urine specimens from normal volunteers ranged from 1.3 to 3.6 mg/24 h with a mean of 2.1 mg/24 h. Thus, results obtained with the nephelometric method compared well with those obtained by the absorptiometric method (7, 11, 12) . Together with the extreme simplicity and speed, and the ease of standardization, we believe that the nephelometric method of assaying lysozyme is a convenient procedure for the routine laboratory, especially for small series and urgent analyses.
